INTRODUCTION
Patent ductus arteriosus (PDA) accounts for approximately 5% to 10% of all congenital heart diseases. Most cases of PDA are diagnosed and treated from infancy through childhood, but those clinically diagnosed in adulthood also are not rare. Basically, the presence of a heart murmur and symptomatic cases are considered to be indications for PDA treatment. If medical management does not lead to PDA closure, then indomethacin (IND) is administered intravenously, mainly in preterm infants. 1, 2 However, the effectiveness of IND injection in full-term infants with PDA remains undetermined. We herein report our experience with a 12-day-old, full-term infant with symptomatic PDA successfully treated with IND therapy.
CASE PRESENTATION
A 12-day-old girl was referred to our hospital because of tachypnea and retractive breathing. The patient was born via elective cesarean section at 37 weeks and 0 days of gestation, weighing 2,955 g, with Apgar scores of 6/9. On day 6 after birth, a heart murmur was noted, and echocardiographic results led to the diagnosis of PDA. Tachypnea, retractive breathing, and tachycardia were observed, which were indicative of symptomatic PDA. Considering the potential need for surgical treatment, the patient was transferred to our hospital by neonatal transport on day 12 after birth. Her weight was 3,015 g, body temperature was 37. 3 C, blood pressure was 87/43 mm Hg, heart rate was 155 beats/min and regular, respiratory rate was 67 breaths/min, and blood oxygen saturation (lower extremity) was 96% (room air). A continuous murmur was heard at the left upper sternal border. Respiratory sounds were clear, and tachycardia and retractive breathing were observed. Blood tests revealed no abnormalities. Chest radiography showed that the cardiothoracic ratio was 67%, indicating cardiomegaly, and lung permeability was reduced bilaterally (Figure 1 ). Twelve-lead electrocardiography showed that the heart rate was 150 beats/min and regular, with right-axis deviation and left atrial overload with the downward deflection of the P wave in lead V 1 .
Initial echocardiography on admission demonstrated the presence of a large PDA measuring 6 mm on the aortic side and 5 mm on the pulmonary arterial side (Krichenko type A), and a left-to-right shunt of blood flow was shown by color Doppler (Figure 2) . A patent foramen ovale (PFO) was also present, with left-to-right shunt flow ( Figure 3 ). The right and left ventricles were almost the same size (left ventricular end-diastolic dimension 98% of normal predictive value; Figure 4 ), indicating the presence of volume overload in the left heart due to the PDA and in the right heart due to the PFO. The treatment strategy was to administer three doses of IND with a 12-hour interval between doses (first course, 0.2 mg/kg; second and third courses, 0.25 mg/kg); if no effects were obtained, we would perform surgery (PDA clipping). Thirty-six hours after first IND administration, no continuous murmur was heard with a stethoscope. Echocardiography revealed a reduction in PDA diameter to approximately 1 mm and rapid systolic left-toright shunt flow ( Figure 5 ). Improvements were also noted in the heart rate (from 150-170 beats/min to 130 beats/min), as well as in the respiratory rate (from 70 to 40 breaths/min). Retractive breathing also showed resolution. No side effects were observed, such as decreased urine volume, hypoglycemia, or bleeding. The condition had improved at least to the point at which emergency surgery was not necessary. As the patient showed a favorable response to IND without side effects, the second course of IND therapy was initiated after a 1-day washout. Closure of the PDA was confirmed after the fourth dose of IND, and the treatment was therefore terminated. The fluid restriction was lifted, and the absence of PDA recanalization was confirmed. The patient remained in good systemic condition and was discharged from the hospital on day 20 after birth. Her 1-month checkup showed a substantial improvement in the cardiothoracic ratio (51%; Figure 6 ), and there were no signs of PDA recanalization ( Figure 7 ).
DISCUSSION
Mechanisms for ductus arteriosus (DA) closure are roughly classified into two types. One is the constriction of the DA itself following the start of pulmonary respiration at birth, induced by oxygen stimulation resulting from increased partial pressure of oxygen in blood and the disappearance of vasodilators due to decreased production of prostaglandin E 2 (PGE 2 ) and reduced PGE 2 receptor (EP4). 3, 4 The other is attributable to the histologic structure of the DA. During the fetal period, PGE 2 is produced mainly in the placenta and DA; PGE 2 stimulation increases the production of hyaluronic acid, which induces the migration of DA smooth muscle cells, causing intimal thickening of the DA.Additionally, one of the characteristics of the histologic structure of the DA is poor formation of elastic fibers. Unlike the great arteries, a vessel without elastic fibers is unlikely to be restored to its original size after intense vasoconstriction. [5] [6] [7] There is also a relatively old report suggesting that elastic fibers were abnormally distributed in the vascular wall of the DA (particularly elastic fibers under endothelial cells) in infants $4 months of age. 8 Therefore, it is reasonable that persistently PDA until adulthood may have a different histologic structure.
Because a full-term infant has a mature DA closure mechanism and is highly reactive to oxygen, functional closure of the DA generally occurs within a few days after birth. Following vascular remodeling, the anatomic closure of the DA is completed in several days to a few months. In a premature infant, however, the DA is poorly responsive to oxygen, and premature infants with compromised or immature respiratory function show a delay in lung metabolism of prostaglandin, resulting in delayed or failed closure of the PDA.
9 Figure 1 Chest radiography on admission demonstrates a cardiothoracic ratio (CTR) of was 67%, indicating cardiomegaly, and reduced lung permeability. Figure 2 Echocardiography on admission demonstrates the presence of a large PDA measuring 6 mm on the aortic side and 5 mm on the pulmonary arterial side, and a left-to-right shunt of blood flow is shown by color Doppler. AAo, Ascending aorta; DAo, descending aorta; MPA, main pulmonary artery; RPA, right pulmonary artery.
Symptomatic premature infants with PDA are managed through fluid restriction, correction of anemia, use of diuretics, and other appropriate interventions. If the DA remains patent, the prostaglandin synthesis inhibitor IND is injected intravenously. IND can affect the smooth muscle tone of the DA and promote ductal constriction. The PDA closure rate in premature infants on IND is said to be 70% to 90%. 10 In a study that examined IND therapy for PDA in full-term infants, the response rate was 61%. 11 There was no significant difference between responders and nonresponders of IND in gestational age, body weight, Apgar score at 1 min, minimum diameter of the DA before treatment, age at the initiation of treatment, or DA flow pattern. If full-term infants have unstable perinatal conditions such as hypoxia or acidosis, it may lead to delayed DA closure and subsequent heart failure. Delayed ductal closure often perpetuates hypoxia in infants and vice versa. Apgar scores can provide essential information on the perinatal condition, which plays an important role in the development of PDA. 12 The present patient was a full-term infant with a mature DA closure mechanism. However, her Apgar scores at 1 min were low (6/9), indicating that she had some form of pulmonary prematurity. Lung metabolism of PGE 2 was thereby delayed, resulting in persistent and symptomatic PDA. This patient had a PFO, and left-to-right shunt flow was observed on day 12 after birth, but the possibility of right-to-left shunt of PFO leading to systemic hypoxemia at birth cannot be denied. However, the patient had a good response to IND therapy. Still, as shown by the present case, there is a possibility that IND may be a useful therapy for PDA without side effects and that it would, therefore, be worthwhile to consider the use of IND therapy before performing surgery.
CONCLUSION
We experienced a full-term infant with symptomatic PDA successfully treated with IND administration. Even in full-term infants, unstable perinatal conditions such as hypoxia or acidosis may lead to delayed prostaglandin metabolism and DA closure. Thus, IND administration might be a useful medical treatment option before considering surgery for PDA in full-term infants. 
